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3. I have reviewed the pending claims of oiir appiication. Our claims relate to a method 
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Abstmct: Cmieer vaccmes are potentklly of therapeut^^^ to jMtiems wlio cannot 

be cured with conventional chemotlierapy. A probtem withi eurrent vaccines form alated 
fmm defined tumor antigtm that m^- also self-antigens, is that the relatively weak 
responses of the activated T cells are mt maintained for iong enough to give a 
tiierapeHticaliy meamngM result We adtninistered high dose Interferon«a2a {tFN-a) 
(HDI) (20x10'' U/nr) for one month to 7 high-risk nielanonia patienfe who had 
previously been injected with a vaccine based on immimodominant l:iI,A-'A*0201 
binding epitopes of the melanoma antigen, gpl 00. HDI recalied gp 1 OO-reactive T cells in 
the 4 patients who had previousiy (bat transiently) responded to tlie vaccines bnt not in 
the femasning patients in whom a previous response was not detectafeJe, In two patknts, 
HDI was associaled with disappearance of metastatic lesions, even when IFM-€t had been 
used for tlierapeiitic purposes betbre vaccination. Moreover, only the population of 
gpIOO-reaetive T ceils recalled by HDI was able to kill gplOO-expressing tumor targets. 
These resiUts siiggest that HDI recalls previously activated self- and tumor-reactive T 
cells that ai^e able to became potent kilters. Hie resnits help to explain the association of 
infections (tfiat cause the release of endogenous IFN-a) witli the development of 
autGimmune diseases and also suggest a strategy to maintain anti-tumor responses 
initiated by cancer vaccines. 
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Iiitrodiiction: GancerSv such as melanoma, that are iiKurable with coiiventioiml 
chemotherapy^ may be susceptible to treatment with vaccines that enhance the activity of 
timior-reactive T cells? In the last few years^ a nmtiber of tumor antigens have been 
identified and used to make specific cancer vaceities. melmama, these antigeos 
inctode members of the MAGE family, t>T'osittase, gpl 00, meiaiiA/Mart-1 , and 

Despite the ideutificatioii of these defined tumor targets, therapeutic results with 
cancer vaccines have beeti largely disappomting. While it has been relatively easy to 
transiently activate timvor-reactive T ceMs with vaccines,^ these responses are often not 
maintained for snfficieiit time to provide significant therapeutic benefits/' Reasons for 
this tiunsient activation include: t. tuiijoi-reactive T ceils at^e often only weakly reactive 
io tumor mmgais that sure self-antigens, ii. T cells exposed to these antigens during mtnor 
progression may have become anergic, iii immuno-reguiatory controls that prevent 
snstained auto-immune responses may also iiiliibit anti4umor responses/'' 

We have recently examined the effects of vaccines, containing the tumor antigen, 
gplOO, Oil meianoma patients at high risk of deveioping metastatic disease because of the 
depth of their primary lesion or because of Mnph node or other invoivement.'^ In 
agreement with other studies, we fbund that the resulting anti-gpIOO T ceil responses 
were ofteti ti^alisieiit ' In order to provide additional therapeutic benefits to these patients, 
several were administered high dose Interferon*a2b (HDI) for one month, 

Interferon«a2b (administered intravenonsly (IV) at high doses (20xlO\T/m^) 20 
times over 4 weeks) arid then subcutaneously (SC) at low doses (1 Ox iO'^'U/m^) 3 times per 
week for 48 weeks) has been shown to significantiy prolong relapse-free survival and 
overall survival compared to observ'afion alone in high-mk meianoma patients (Stage 3IB 



3 



and III);^'^ ■■ Since trials that used on!y SC iiijectioiis feUed to show mch a survival 
benefit, it is hypotiiesi^d that the high dose conipouent provides the most important 
therapeutic elemmt of IFN-aJ-^ This hypothesis led to the design of a phase I elinica! 
trial to determine if auti-tumor respouses induced by the vaccines could foe improv by 
high dose IFH-^a (HDi), 

We fomid that if patients had previously demonstrated mi immune i-esponse to the 
vaccine, it couid be recalied by HDL Importantly, the quality of this response was 
different, hi c^)ntmst to the T cells activated by the vaccines, alone, tumor-reactive T 
eelis recalled by HDI were able to kill tumor antigen-bearing targets in vitm and wet^ 
associated with more profound therapeutic etiects in viw. These rei^uhs lend insight into 
the mechanism of action of IFN-a in cancer dierapy aiid have irnpiications for the 
pathogenesis of auto-immune diseases, in general They also suggest that HDI ater 
vaccination with tumor antigens is an etiecttve immunotherapeutic strategy. 
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Materials and Methods 

Pmimts: For mUy into this study, patients were required to hmc histologicaily 
ccmfirnied maiignant mdanoma at high risk of developing metastases { pT3 or iiigher, 
any N, my M by AJCC stagiog)^ - ^ iiave the HLA''A*0201 hapiotype. be older than 18 
with m ECOG performance M:atus of 0 or 1, and give informed, writlen consent 
according to rjational and institittioBai guideiiiies before treatiiieiit All patients in this 
trial had coBipleted a vaccina tioti protocol as part of a phase I trial sponsored by Aventis- 
Pastear. The vaccine protocol involved injections of die AI.VAC (2)-gplOOM 
recombinaBt vims (an investigationa! product of Aventis-Pasteur made from a second 
generation Ganarypox vims expressing a full lengtli gplOO gene encoding two epitopes 
modified for enhanced HLA ctas$ I binding) along v^dth the two modified peptide 
epitopes, ^ ^^^ ^ Fail details of this vaccine trial, which is stiH ongoing, wiU be published 
elsewhere. 

Ireaimeru with HDI: IFNa2b (Scherijig Canada, Pointe-Claire, Quebec) w^is 
administered using the dose and schedule previonsly testedJ^ HDI consisted of 20 
MU/m'/d IV 5 days/week x 4 weeks. The IFNa2b dose was held and then restarted at a 
33% dose reduction if severe toxicity (grade 3 or 4, defined by the common toxicity 
criteria established by the National Cancer Institute Cancer Treatment Evaiuadon 
Progiani^^) was observed. A second decrease of 33% of die original dosage was made in 
some patient^ for recirrrent severe toxicity. 
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Stmfy desjgti: After being discharged from tbe AA^eiUis-ff^onsored vacdjnue toai biJt still 
considered to be at faigh-risk for devdoping metastatic disease, patients were 
acfaiinistered HDi ailer givmg infomied ccmsent Patients were monitored for toxicity 
weekly durmg the first motith of study (while on. HDI) md thm foi toxicm and disease 
status at iBoiithiy intervals tor 3 months. Radiologic ex^alnation was peifomied at 3 
months of fbilow-up to assess titiBour response. Peripheral blood was coilected for 
immunological monitoring at each time point in sodium heparin containing tubes. 
Peripheral blood rnononuGlear ceOs (PBMC) vvere isolated by density gradient 
centi'ifugation using Ficoll-Hypaqite L077 (Amersham Pharmacia, Sweden). Cells were 
washed twice in phosphate biiffered saline (PBS) and frozen in iO% DMSO and 90% 
autologoiis heaHnactivated plasma (56^C for 30 mio). Aliqooted cells were kept in 
liquid mtrogen until use. 

Reagenis: Peptides: Peptides (provided by Aventis Pastei^r, Tomnto, Canada) 
corresponded to the iiiOuenza (FLiJ) matrix protein MP, residues 58-66, 
(CHLGFVFTL)/^ two dominant epitopes from the melanoma antigen, gp lOO, modified to 
increase binding to class [ MHC, gpl00:209^2M (IMDQVPFSV) and gpI00:28O^9V 
(YLEPGPVTV),*^ and the HIV pl7 Gag protein derived peptide (SLYNTVATL).^^ All 
peptides were l-JLA-A*0201 restricted CTL epitopes. The gplOO peptides were dissolved 
in water (5 mg/ml stock solution) and the otJhers were dissolved in DMSO (Sigma, St- 
Louis, MO) (10 mg/mi stock solution). Antibodies and tetramers^ CD8-FITC 
antibodies were purchased from Pharyingeo (San Francisco, CA), BB7,2 (anti-HLA- 
A2)'^ hybridomas were obtained from the AmericMi Type Cnhure Collection (ATCC) 
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(Vanassa, Va). Antibodfes from rfiis hybridoma \vtm purified, and labeled with FHC^ m 
oiir laboratory. Thxm purified, soluble r^combmaM HLA-A*0201 -peptide complexes 
boimd to phycoemhrm (PEHabeled strefn^^ were purchased fern Ptohrmm^ Ltd. 
(OxIbTd, OK). The peptide sequences were YLEPGPVTV (Lot No. BL/0757), 
IMDQVPFSV (Lot No. BL/OTSS), and GILGFVFIl. ILot No. BL/0839). Cell Ones. 
Human lymphoblastoid T2 cells were obtamed from the ATCC, Deletion of the TAP- 
transporter gene lociis in T2 cells prevents delivety of cytoplasmic peptides mto the ER. 
^^^'^^ As a result, surfece HI. A expression is defective but can be rescued with exogenous 
peptides. The large number of identical peptide-MBC complexes on peptide loaded T2 
cells make diem potent antigen presenting cells (APCs), 

HLJ-typmg: J-ILA-A2' patients were identitied using How cytCfmetty and ;BB7.2 
antibodies. Molecular sufotyping of HLA'-A2 was performed by the HL A- laboratory at 
Aventis-Pasteuf, using sequence^specific prinier-PCR.^^ 

Sh<m mm in vitro sfmuktmi qf PBMC: Cryopreserved PBMC were thawed, washed, 
and incubated overnight in AIM-V medium (Gibco, Burlifigton, Ontario) at jT'^C in 5% 
CO2. Cells were counted the next day in a hemocytoniet^r and I ml of a cell suspension, 
adjusted to 2''3 xlO^ cells/ml in AIM-V plus 10% AB serum (Sigma^ St. Louts, MO) 
(complete media, CM), was plated in single wells of a 24 well polystyrene tissue-culture 
grade plate (Becton Dickinson Labware, Franklin Lakes, NJ), The cultures were dien 
either stimulated widi die gplOO peptides (gplOO;209-2M and gpl00:280-9V, together), 
at ^ tina! concentration of 25 }ig/mi or with MP5S«66 peptides added at a finai 
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concenlration of 10 fj.g/mL (50 ilJ/ni!) (Cfaimn, Emeryvilte, CA) was added oi\ days 
3 and 6 alter ptspticie stimiiiation. At the md of the 8-9 day culture period, cells were 
harvested mvi washed before fiurte testmg. 

EIJSPOT cmays: HA-muMscreen plates (Millipare, Bedford, MA) were CQatad 
overnight at room temperature with 75 .id of anti-lFN-y mAb from the 1-D1K clone 
(MABTECH, Stockholm, Sweden) (2 }ig/mt in PBS). The plates were then washed with 
PBS, to remote tmbound aiiiibody, and blocked with 0.5% BSA/PBS for 1 h at room 
temperature. PBMC were axMed in duplicate or triplicate weils in the presence or 
ab^setice of peptide. The hvo mxlified gpIOO peptides were added at a iliial concentratioa 
of 25 pg/mi and the FLU peptides were added at a final coiicentratioo of 10 fig/ml 
Mitogenic stimniation was perfomted with phorbol myristic acetate (PMA) (20 og/m!) 
(SigiDa) and lonomycin (J pg/mlXCalbiochem, San Diego, CA). (lOO lU/m!) was 
included in all cidtures unless stimuiated by mitogens. After iocubatian at 3TX^- m 5% 
CO? for 24 h, the cells were discarded, and the plates were washed extensiyeiy with 
0.05% Tween/PBS, Secondan? biotinylated ami-lFN^y mAbs (clone 7-86-], 
MABTECH) were then added (75 u!/weU at I pg/ml) and left tor 2 h at room 
temperature, followed by extraavidin-conjngated aikaline phosphatase (Sigma) for an 
additional 1 h. The plates weie developed using NBT/BCIP phosphatase substrate 
solution (Sigma) and counts using a stereotnicroscope at 40x and an automated 
ELI SPOT reader (Carl Zeiss V i si on, Germat^y). Statistical anaiysis was carried out using 
Microsoft Excel softwarev 
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Chnmmm relms^^ assays for celhdar cyiatmmiy: T2 tumor targets kr mponmitM. 
growth phase were collected by centri&gMion mid mmbaMd with 2 jig/ml of pcf^tides 
(g209M m\d g2S0V, mixed 1:1, or FEU peptides) for 2 b at 37^C ai>d then wasbed twice to 
remove free peptide, 'f he cells were thea tesuspended in two drops of 100% fetal calf 
seruiB, md radiolabeled with 50 jil of sodium chromate (7 J 4 mCi/ml) (Dupont, NEN, 
Boston, MA) tor 1 h. EtYector cells, pimfied from the S day peptide stimulated cultures 
by dei^sity centrifugation over Ficotl-Hypaque columiis, were added at varying eflector: 
tai'get mtios in iOO id of CM to mdmdual wells of a U-bdttom plate. Chromium iabeled 
targm were washed 3 times with a^MEM4'l% FGS and 100 f.d of target ceils {2xl0'^mil 
in CM) were added to each well llie plates were centriftiged at 600 rpm tor 3 min mid 
then incubated at 37*C for 4 h. Plates were then cemrifuged at 800 rpm for 5 min and 
100 fil of the superTiatant transferred to Fisherbrand flint glass tubes (Fisher Sciemilrc, 
Pittsburgh, PA) and counted in a y-counter (CompiiGaiiTma Model 1282, ICS, 
Stoekholm, Swedm). Total release (TR) was measured by lysis of tumor targets with 1 % 
acetic acid and spontaneous release (SR:) was measured in the absence of effector cells. 
Percent cytotoxicity was detemiined by the ratio (cpm-SR)/(TR-SR) x 100%. 

Immmqflucnx<^^^^ Cell staihing was petfornied as previpusly described using cells 

taken at tJie end of the m vitro culture period/"" 
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Rmultm 

Toxiciiy: As sliown m Table L seven HLA-A'^020i ' patients received one month of high 
dose iiiteriefoB (HDI) betvveeTi 1,5 months and 17 months (mean=^7.2±4.9 S.D.) after 
their last iiyectioo of a vaecke eontaiiimg gpIQO mxi its ktmvn HLA-A^Q20i binding 
apitopesJ All 7 patients completed the course of HDI and no evidence of disease 
progression was noted, lii lact, two patients (Ml 66 and M335) developed marked disease 
reduction after EDI and their cHnicai course will be described in greater detail below. 
Patients developed typical toxicities associated with HDI including Ikr-Iike symptoms, 
eytopenias, and li^er fenetion test abnormalilies, which lasted only during the time of 
HDI (Table 2). One patient (MKiO) developed nenro-psychiatric s>nrnptoms, mjuiring the 
institntion of anii-depressants, which also eie<3ied within a week: of stopping HDL One 
patient (M335) developed vitiligo around skin deposits of melanoma (described below). 
Dose redactions and treatment delays due to toxicity were experienced by all 7 patients 
(Table 2) which is somewliat higher than tlie 33% incidence reported for 396 patients in 
the El 694 Intergronp trial " 

Remil qfya(xtme-}ffdmeci ami-gpIOQ T cell msfmmes by HDI: The design of this stody^ 
which used HLA-A*020r' patients previously immunized with gplOO based vaccines, 
made it relatively easy to monitor the immiinological events associated with tiie 
subsequent administration of HDI.^^ rumor-reactive T celfs could be emmierated in 
ELiSPOT assays,' ''^^ that determine the frequency of T cells that secrete IFN-y after 
stimiiiation by the two immunogenic HLA-A'^-020i binding gplOO peptides (gpl00:209-' 
2M und gp100:g280-9V) and also by Mow cytotnetry iising tetmmers of recombin^^^^^ 
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HLA-A*0201 folded aromid the gp 100 peptides."*^ None of the patients had evidenGe of 
circiiiating gp IOO-reactiye T eelis by any of these two assays before begianiag the mooth 
of HDI (Fig, la and b, ''Foilow-up'' dot-plots; Fig, 3b; Fig, 5; and data not sbown). 
HoweveT, 4/7 patieiits had a measuiabie mcrease in the feijuei^cy of gplOO-maciive T 
cells (aibitxarily set at >1/I0^ cells) at sotJie poiiit during the vaccination protocot (Table 
1, column 7 md Fig, 1, ''On Vacciae'' dot-plots), although this mcrease was only 
transiet5t (Fig, 1, *Tollow-iip" dot-piots; Fig. 3b; Fig, 5; and data not shown). In these 
patients, measurable fiequencies of gplOO-ieactive T cells again developed by die second 
week of HDi (1 able I cohunn 7; Fig, 1, 'lFN-a2b*' dot-plots; Fig, 3b; Fig, 5), However, 
if patients had not achieved a measurable anti-gp 100 response to vaccination, treatnient 
with liDI did not lead to a measurable increase in gp 1 00- reactive T cells (Table K 
coiumri 7, |>atients M246, and M260), As a conu'ol to emnre that the failure to 

demonstrate gplOO-reactive T ceiis in these patients was not due to technical difficnities 
associated with the cr>'opreservation and cnltiire conditions, the response to the HLA- 
A*0201 binding peptide, influenza (FLU) matrix protein MP, residues 58-66, 
(GJLGFVFIL), was measured at the same time using IFN-y ELISPOT assays and 
peptide-fbided tetramers (Fig, 3c). It is known that 60-70% of patients have memory T 
cell responses to FLU from previous natural inlections with this vinis.^^"^*^ In all cases, the 
cuhure conditions were sufficient to support the development of FLU-reactive T cells 
(Fig, 3c and data not shown), suggesting that die absence of gplOO-reactive T cells in the 
blood of these patients was reaL hiterestingly the FLU-re^pons^gs di^ not ahvays increase 
when the patients were treated with BDI compared to the baseline vakes (Fig. 3c and 
data not shown). 



Amocimim qf mcremed ^IQO^rmcfive T cells qfier HDI and ciimcal respomes in 
MJ66: One patient (Ml 66) was a 31 ytw old mak who initially presented with aO.6 ihib 
deep melaiioma in his neck. Six years later ^ he deveioped a small bowel obstractioB from 
a mesenteric metastatic melanoma deposit that was resected mrgieally. No other 
metastatic disease was evident until he was considered for the metenoma vaccine study 
18 months later and found to have a mass in the gluteal region (Fig, 2a, airow). A 
clinica! decision was made to observe the mass during the vaccination period becaUvSe of 
the difficiih nature of the surgery required for its resection, lliree months after 
completing active vaccination, the mass was somewhat smaller (Fig, 2b, arrow). The 
patient received HDI 3 months after that, the mass sub^qiiemly disappeared, and has not 
recurred as of 8 months later, at the time of the lasl fpl lovv-iip visit (Fig, 2c, arrow). 

As sbown in Fig. la and Fig. 3a, Ml 66 moimted an immune response to the 
gptOO-based vaccines. During vaccination, gpiOO-reactive CD8' T cells comprised 1% 
of the total cells in an 8 day coJture of PBMC primed with gpi00: l09-2M and 
gplOO:g280-9V as measured by tetramer staining and flow cytometric analysis (Fig. ia, 
''On Vaccine'' dot-plot). At the end of the vaccination period, the frequency of gpiOO- 
reactive T cells Ml (Fig, 3 A) and disappeared by the time that HDI was instituted (Fig. 
la, '"FoJ low-up'' dot-pl0t; Fig, 3b). However, after one week of HDI, tlie frequency of 
IFN-y producing gplOO-reactive T celts increased to --1/ 1000 (Fig. 3b) and the number of 
CDS' T cells that were stained by the tetramers of and tlie gpiOO peptides 

was 4,2% of the cells in the culttire (Fig. la, ''iFNa2b''dot"p1ot), Aithough the frequency 
of gplOO-teactive T eells in the EIJSPGT assay varied, it was still elevated 4 months 
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after complefing HDl (Fig. 3b), Ivt this pMieut^ FLU-reaqtive CD8' T cell frequ^ndfis 
wsre relatively constant despitss HDI and the cliangiiig gplOQ-reactiye T ceil frequencies 
(Fig, 3c). 

Asmciaikm qf imremed gpIOO-^recictive T celLs 0er HDl and clmical responses m 
M335: A similar resiilt was observed m M335, a 31 year old female who had mitialiy 
presented with a 0.65 mm primaj^ leskm on ber right thigh. Six years later she 
developed right inguinal lymph ftode involvement, which was resected, and she received 
treatment for one year with the immmiomodulator)^ ^^gent, levamisole.*^ Subsequently, 
she developed two snbcutaneom metastases aiid xvas treated with HDl and iO months of 
SC IFN-a2l) at low doses. One year later she developed a right axillary mass which was 
dissected and treated with adjuvant radiation. Shortly thereafter, she had involvement of 
the skill and dennis of the right breast and chest wall which was treated by mastectomy 
and local radiation. She was then enrolled in the melanoma vaccine tiiai, at which time 
she had developed multiple small melanotic skin metastases over the right chest but no 
detectable systemic disease otlierwise (Fig. 4a, d). Over the 12 w^eeks of tJie schedule of 
vaccine irijections, she developed a 4 cm mass in the scar line of the mastectomy (not 
show^n) and adenopatliy in the left axilla (Fig. 4b) and cervical region. In addition, hmg 
nodules were fonnd^ compatible with fnetastases (Fig. 4e). Six weeks ailer the last 
vaccine injection, she was started on Ff DL Within 2 weeks, the palpable masses in the 
chest wail and left axilla had disappeared, as confiniied by the CT scan taken 2 months 
after completing HDl (Fig. 4c). Radiologic evidence of limg metastases (Fig. 4e) also 
disappeared (Fig. 4f). ^rhe patient has again been maintained on SC iFMofla and, at the 
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time of her last clmk vkk, had no evidence of systemic metastases^ except for die skin 
deposits. lulerestingiy, many of these had developed e vidence of lo<^al vitiligo suggestive 
of auto-iiTimtine destraction of nearby nomia! meianocytes;'^ 

Simikr to M166, M335 tmjE^siently responded to vaecinatioTi^ as measafed by 
tetramers and ELISPOT assays^ but this response was lost by the time that EDI was 
instituted (Fig, lb, Fig, 5), However, within 2 weeks of staitmg HDI, and cortcomitant 
with the observed clinical response (Fig, 4), the jfrequency of JFN«y producing gplOO* 
feacti ve T cells increased to -1/351 and the percentage of tetxamer-staintng CDS ' T ceils 
increased to ^7% of cultured PBMG by the third week of HDL Elevated responses in 
these assays were maintained for at least one month after completiHg HDI (Fig. lb md 
FigJ). 

HDI alters the qualify of the anti-tumor T cell respome: The frequency of gpIOQ-reactive 
T cells recalled by HDI was not significantly diflerent from the frequency that was foond 
in response to tlie ttmior vaccine (Table 1, coUmnis 7 and S; Fig, 1; Fig, 3a,b; Fig. 5). We 
wondered if the antitumor response recalled by RDl was more potent than the response 
that developed after vaccination to account for the therapeutic effects seen in Ml 66 and 
M335. It is generally believed that THl/TCi responses that result in the activation of 
cytotoxic T cells (CTU) able to kill tumor cells are required for optimal anti-tunior 
immunity."^ Although IFN-y production, as measared in the ELISPOT assays^ is a 
surrogate marker for CDS" CIX fimction"^ we directly examined the ability of gplOO- 
reactive T cells from Ml 66 and M335, during vaccination or during HDI, to kill targets 
expressing HLA'-A^020i molecules and gp 1 00 peptides. Since melanoma ceO lines from 
fbese patients were not available, |>eptidMoaded T2 cells were used as targets. 17 cells 
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express compiexes of peptides and HLA«A*0201 moleeules on their cell surface only 
when HLA"A*020I binding peptides are provided, because of a genetically defective 
TAP4raa$portei- systeBi:^^"^' If gplOO-reactive T cells are imable to kill gplOO peptide 
loaded T2 cells, it seems imlikeiy^A^ coiddkiii aatologoiis melanoma cells with, a much 
lower surface density of gplOO peptide-HLArA'^0201 coiioiple^es. 

Despite the simito frequencies of tetramer staining and IFN-y producing gplOO- 
reactive T cells, there were striking differences in the abiiity to kill gplOO-peptide loaded 
12 cells after HDh FmnoiM-eactive T ceils activated by vaccination alone were unable to 
kill gplOO peptide-loaded T2 cells (Fig, 6a for MlM and Fig, 6b for graphs ''After 
vaccine''). However, gplOO-reactive T cells dnnng and after HDI from both patients 
were potent killers of gpiOO peptide4oaded T2 cells (80% lysis at an E:T ratio of 1D;1) 
(Fig. 6) This levei of killing was comparable to diat obser\^ed with FLU-stiniulated T 
cells and FLU peptide-ioaded T2 targets, performed at the same time (Fig. 6, graph ''Flu- 
After vaccine). 
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Pbcttssion: hi this study, we have shdmi that HDI ean mcrease both the frequeiicy of 
tomor-reactive T cells iiiitkliy activated by a cancer vaecme and the ability of these cells 
to kill tmiior-antigcin bearing targets. 

We noted that the mimber of tumor-reactive T ceils measured by letxamets was oftm 
higher than found using the ELiSPOT assays (compare Fig. l\ 3, and S% Such 
discrepancies have been noted before and may be due to T ceils that are anergic or 
senescent or tnake TH2/TC2 cvlokines, mther thati IFN*y, in response to peptide 
stimulatioo, ^-^'"'^ - ^^ We have also found that a signitlcant nuittber of peptide-reactive 1' 
cells undergo activation-induced cell death^"* upon i^-stimuktion by peptides in die 
EOSFpT plate (unpubEshed results} and this phenomenon could also parttaOy account 
for the lower nunibers of antigeo-specific eelis found in the ELiSPOT assays. 

iFN*a is one of the oldest cytokines that has been characterized aiid used for 
immimotherapeutic purposes,'^' It has pleiotropic effects on immune responses. 
However, it is unclear how HDI is acting to so strikingly affect the vaccine-induced 
imtnutje responses. IFN-a increavses the level of MUG expression on botli melanoma 
cells and professional AFCs such as dendritic celts (DCs)/^ Consequently, residual 
melanoma cells in the patient niay become able to directly activate glOO-reactive T cells 
previously activated by the vaccine. AJiemativeiy ihese T cells may be reactivated by 
DCs that indirectly present gplOO antigens that have been shed by residual melanonia 
cells, IFN-a is also known to prevent activation-indoced cell death of T celb/^ If gplOO- 
reactive T cells are being chronicaHy activated by gplOO antigens /;/ viva, the nunlbers of 
these cells may be iitnited by ongoing apoptosis. Since tt^e number of antigen-specific T 
cells represents the differetice between the nimiber tirat are proliferating and the nmnber 
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that are dymg,'*'^ apoptotie blockacfe would lead to increased numbers of tomor-reactive T 
cells. Toiigh showed that IFN-a causes bystander proliferatioii of CDS ' T ceils, which 
may be another mechanism whereby gplOO-reactive T cells reappear In the blood after 
HOI. Thk tffmt has recently been showvi to be iBediated indirectly tteugh JL-I5 
possibly released by dendritic and stromal cells in response to IFN-a,'^^ which is 
consistent witli our inability to mimic the results by directly adding IFN-a to T cell 
col luxes. 

The more potent responses seen in the m vitro ClX assays were nnrrored in the 
cinieal responses of the patients. M335 espeeially had suffered disease prDgression after 
IFN-a alone, and during vacination, bnt had a reniarkable climcai response when HBi 
was administered after vaccination (Fig. 4). 'Hie mechanism by which the anti-tumor 
responses were made more potent by HDI is unclear. Although IFN- a is known to 
activate the lytic machinerj^ and make T cells more potent CTLs/*- increased CTL 
activity in our experiments was noted 8 days after the cells had been removed ftom the 
pEient and cultured in the absence of IFN- The effect is due to an in vivd process and 
we hmt ml been able to turn non-cytotoxic gplOO-reactive T cells induced by vaccines 
into potent CTI,vS by the addition of IFN-a to in viiro caltiires (data not shown)- 

The change in the quality of the anti-gplOO T ceil response after HDI is 
reminiscent of observations we have recently reported in mice ' In a study of m vivo 
superamipn (SAG) responses, we immd that weakly SA^j-reactive T cells were 
stimulated just as welJ as strDngly-reactive T cells i/ii wvo, when inflammatory cytokines 
such as TMF-a or IFN-y were blocked. Otherwise, strongKMeactive T cells dominated 
the SAG responses, as would be expected for a maturing immune response/'" We 
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mggested that irmiuii^ responses are **fbcuse<f' by srtrangly-feactive T celk tlirougb tte 
praduction of iaflaiKmatory cytokines that inhibit weakly-reactive T cells and account for 
the '"affinity inatiiration-' of an imtiiimc res|)onse; Applying this Iiypotliesis ti> the 
observaiioiis reported here, we suggest that vaccmes coiiiposad of tumor antigens that are 
also auto-aatigens, ^ach m gpl OO, stimiiMe a feoad range of weakly reactive 1- cells 
(because of low antigen-binding affinity to the T cell receptor (ICR)'^'^) which do not 
produce high levels of inflammatory cytokines or kiU tumor cells in vivo. The addition of 
IIDI provides an iMlanimator>'' signal that inhibits the function of tliese weak Inmor" 
reactive T cells and aliows the more strongly-reactive T cells to dominate and kill tumor 
ceils. More evidence tor this hypothesis will be a subject for fimm studies. 

Our studies also provide an e^lanation for the welJrknovm association of aiito- 
immune diseases and acute infections. The endogenous production of JFN-a is part of 
natural host defense mechanisms against infections.'^ In the same way that potent anti- 
gplOO responses, which are essentiaiiy auto-immune responses'^ resulted after HDI, other 
auto-reactive T cells that are activated during infections may be made more potent by 
endogenous IFN-a and mediate clinical autoimmunity. 

Our results suggest that the use of HDI after cancer vaccines composed of 
autoantigeos is an effective strategy for improving the therapeutic efficacy of vaccines. 
We anticipate that this approach will be useful, not just for mehmoma, but for any 
immunoiogically susceptible tumor. HDI offers a way to overcome a major problem 
associated with current vaccines - namely tlie transience of the induced responses - and to 
''focus'' the vaccine-induced responses onto potent CTLs that can kill tumor cells. The 
optima! titning of HDI afler vaecination, the optinlal dose of IFM-a, and the nutBber of 
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times tlie combmatioii of %^accmation and HDI should be reiieated are subjects of ongoing 
mvestigation. 
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Table 2 : Toxicity^ treatment lielay^^ and doj^e rediictiaus in patients raceiyiiig HDI 
aft^r vacciiiatioiK 





Grade 3* 


Grade 2 


Totei 


Constitirtionai Symptoms 


1/7 


3/7 


4/7 


Vitiligo 


0/7 


1/7 


i/7 


Elevated Liver FuoctioB 
Tests 


1/7 


4/7 


5/7 


Grail ulocytopenia'leukopeBia 


1/7 


6/7 


7/7 


Neurologic Toxki^' 


1/7 


^ 1/7 


2/7 


Dose reduction 






7/7 


Dose DeJay 






7/7 



*The delivery of HDl was modified for each patient on the basis of cpmmoo toxicity 
criteHaJ*^ with 4 being the mom severe, necessimfeg stopping ireatmeBt, A 33% 
reduction of dosage occurred after the first treatment interraptioa aad a 65% reduction 
from baseline dose occurred after the second. No patients bad a third treatment 
interruption that would also have required removal from treatoent. 
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FKSCRK LEGENDS 



Figiire 1: HighHiose IFN-a rec^ilis tiimor-reactive T cells previousfy activated by 
vaccinesv PBMC Irom patients Ml 66 AND M535 were stiiBuIated witli the mixture of 
binding gplOO peptides (gpiOO:20S-2M and gpl00:2S0-9V) IbrS days as 
described in the materiais and methods. The cells were then stained with the respective 
phycoer>'thri.n-labeled tetrajtieis and CDS-FITC antibodies and analyzed by flow 
c>totnetiy. Fhe percentage of CDS'tetramer' cells, representing gpiOO-i-eactive T cells, 
was then determined mid is indicated in the box in each dot-plot. Before staning the 
schediUe of vaccmatiom, WTy few gplOO-reactive T ceJl$ were .foaiid in both patients 
(baseUoe). Both patiejits responded to vaccinabon and the peak response is shown in the 
dot-piot marked ''on vaccine''. Before commencing HDI, gpIOO-reactive T cell numbers 
had essentially returned to baseline (follow-up). Two weeks (for Ml 66) and 3 weeks (for 
M335) after starting HDI, the mmiber of gpiOO-reactive T cells again increased. All 
cultures were carried out at the same time, using blood that had been obtained at the 
indicated times and then ciyopreserved- 

Figure 2: Cliiikal mponse to itM af patient Magnetic i-esonance imaging 

(MR!) studies of a giuteal mass (arrows), presumed on climcai and radioiogic grounds to 
be metastatic melanoma, before vaccination (a), 3 months after completing the 
vaccination protocol (b), and one month after completing HDI (c). The mass was 
somewhat smaller after completing the vaccine protocol but essentially disappeared after 
HDI' 
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Figiire 3; Increased tiumbers of gplOtf-r^active T cells after HDI measured by IFN-y 
EI.ISFDT assays iti Following the final vaccinalioTJ, PBMC were colkcted 

mofitiily for 3 montbs (a) md the» betpxe begmi^mg HDI, weekly while on BDI 
(indicated by the double arrow), md ihm monMy fdr 3 months (b,c). The samples vvere 
then cryopreserved so that tiiey could all be analyzed at the same time. Tiie ceils were 
thawed and stimulated with a mix of the gp lOO peptides (gp 100:209-2^1 and gplOO:280- 
9V) or FLU MP peptides (c)^ ^ control to enstire that the ci:tlture conditions were 
adequate to reveal memory T cells if tliey were present. After 8 days of culture, 
EOSFpT assays were perfbrmed as described in the materials and methods. Cells were 
re^actiYated on ELtSPOT plates with tiie gp 100 peptides fsolid black bar) or FLU peptides 
(gray bar). The average and standard deviation of the number of spots from 3 replicate 
wells are reported, 

Figure 4: Clinical response to HDI of {patient M335* Computerized axial tomography 
(CAT) scans of leilt axiHaiy adenopathy (a, b, c) (arrows) mid a fung nodule (d, e, f) 
(arrows), presujued to represent metastatic melanoma on clinical and radiologic grounds, 
before vaccination (a, d), one month after completing the vaccination protocol (b, e) and 
one month after completing HDI (c, f). Both areas of involvement progressed through 
the vaccine schedule but regressed considerably after HDL 

Figure 5: increased ri ambers of gplOO^react^^ T cells alter HDI measured by IFN-y 
ELISFOT Ms^ys in M335* PHMC were collected monthly dtiring active vaccination 
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(moMlis -3 md -2^ mdicated by the dQuhie-Iieaded arrow kbekd "'vaccme^'), mi 
observation period (months -1 and 0), weekly for 4 weeks on HDI (mdkated by the 
double-headed arrow iabeled ''IFN<x2b and then for om mottth fblknving cornpletioii 
of BDl (moiith 2). Cfyopreserved cells were tha;wed and stirrmlated with the two gplOO 
peptides. After 8 days of culture^ the ceils were han^ested and reactivated on IFM-y 
antibody coated ELISPOT plates with either tlie gpiOO peptides (black bais) or the 
control FLIJ peptides (gmy bars), as described m the materiais aiHimetliods. The average 
attd standard deviation of the jrumber of $pdts frdni 3 replicate \VeUs is reported 

Figure 6: Eafcanced kiiltng activity &f gplOO-reactilve T telh diirtiig 1II>1 

Cryopreserved PBMG after vaccinatioo, during BDi, and one month after IIDI from 
M 166 (a) and after vaccinatioB and one motrfh post HDI from M335 were stimulated with 
the gp l 00-209-2M and gpl00:2S0«9V peptides for 8 days. The cells were harvested and 
cultured witli 2000 chromium labeled T2 cells that had been coated with the gplOO 
peptides or with, a control. I HV peptide in the ef&ctor:target (E:':!/) ra&^ mdicated on the 
X-axis. Chromiutn release was measured 4 hours later; The average and standard 
deviation of tiie percent lysis from 4 replicate weOs is sliown. Specific killmg of gplOO 
peptide-coated tximor targets is only seen when HDI had been given to the patients. 
Direct addition of IFN-a to the cultures did not increase gplOO-specific CT[. activity (not 
shown). In (a), the graph oti the right marked "'Flu-post vaccine'" shows the CTL activity 
on FLU peptide<oated T2 cells when the same PBMC h'om M l 66 had been acti vated by 
FLU peptides and indicates that the ctilture conditions could sapport specific CTL 
activity if it was present 
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